INTRODUCTION
Rattlesnake roundups have a long history in the United States. Undertaken originally with the intent of exterminating or reducing the snake "pests," the roundups have evolved into highly commercialized annual events, with sponsoring communities realizing financial profit while participants attend for recreation and the excitement of the hunt. Dozens of such events are held annually. State conservation departments maintain surveillance have undertaken to manage rattlesnakes as game, harvested on a sustai yield basis. The state profits from the roundup by requiring participant purchase a hunting license and paying a special fee. Communities sponso the roundups benefit from the registration fees of participants, and th mission fees of those attending and local businesses experience a windf of profits.
Nationwide the annual harvest amounts to tens of thousands of snakes and generates hundreds of thousands of dollars. The species hunted mainly the western diamondback (Crotalus a (Crotalus adamanteus), the timber rattlesnake smaller scale the prairie rattlesnake (Crotalu Here, I report upon data obtained from Cr Sharon Springs, Kansas roundup. Reber and ported on the history and politics of this Kan the exploitation, cruelty, and waste that hav demned by many herpetologists and conserv series of snakes assembled at the roundups p to study population samples and to gain insi and demography. My objectives in attending (1) to gather data on prairie rattlesnake demo sas to compare with results from studies m that traits are subject to geographic change current and longtime effects on prairie ratt THE SHARON SPRINGS ROUNDUP Sharon Springs is a town of 872 people located 27 km east of the Colorado border and about one-third of the distance from the north to the south border of Kansas. At this and other roundups it has become routine practice for hunters to take to the field on warm spring days before the scheduled roundup date, and bring in rattlesnakes from wherever they can be located. Hunters sell their snakes to the local committee. The price per pound is set at each roundup, but has trended upward, from 25 cents at early roundups (in Oklahoma and Texas) to more than 20 times that amount in some recent years (Adams and others, 1992) . Hunters may not sell enough snakes to pay for their registration fee and hunting license, but they participate for the excitement of the hunt and the chance of winning a $100 prize for the longest snake.
On the roundup week-end participants are transported to selected sites in Wallace County near Sharon Springs in an organized hunt. However, some batches of snakes brought in earlier may be from more remote localities. In 1993 it was alleged that more than one-third were from near Morland, Graham County (about 146 km ENE Sharon Springs) and about 10% were from Anthony, Harper County (about 360 km SE Sharon Springs). Ford, Hodgeman, Lane, Logan, Meade, Ness, Scott, Sheridan, and Trego counties also were represented in the composite collection, and there were a few snakes from Oklahoma. In 1994 the catch totaled 310 snakes weighing 252 lbs. (114.3 kg) and less than 20% were from Wallace County. Attendance in 1994 was estimated at 1300 but there were only 29 registered hunters, some of whom did not hunt because of unfavorably cold weather.
The Sharon Springs prairie rattlesnake roundup is patterned after larger scale roundups of western diamondbacks in Oklahoma and Texas, some of which have been established a "snake pit," an indoor canv deadly rattlesnakes" on disp tles, from Granbury, Texas, a sleeping bag occupied by one or more live rattlesnakes. Meanwhile an announcer extolls their exploits and talks at length about rattlesnakes over a loudspeaker, with interludes of country music. A carnival atmosphere prevails. Belly-dancers carry large bullsnakes while performing. In line with the trend at other roundups, the Sharon Springs event bans firearms, alcoholic drinks, and the use of gasoline to flush snakes from their shelters. The alcoholic bravado and the frequent shooting accidents that characterized early roundups have not been problems in Kansas. In recent years at Sharon My own operation, measuring and weighing the live rattlesnakes, was also unintentionally, part of the show and at times attracted sizable groups of spectators. At each roundup I obtained a population sample representative of the snakes brought in by the hunters. Measurements made on each snake included snout-vent length (SVL), tail length, length of rattle string, number of rattle segments and diameter (height) of each segment. Sex was recorded and females were checked for ovarian follicles palpable through the body wall as separate soft lumps in the abdomen. Records of ovigerous females in 1992 and 1993 are considered unsuited to show the ratio of gravid to nongravid. In those years I attempted to locate and count eggs by palpating the snakes' abdomens at ground level while holding down the forebody with my foot, but results were unsatisfactory, and it is believed that eggs were missed, especially when they were smaller than usual. In 1994 and 1995 technique was improved; I was able to palpate abdomens with both hands at table top level after the snake was thoroughly dried with paper towels, and a coworker held and immobilized the head and forebody. In 1992, 57 prairie rattlesnakes, including a litter of 18 born alive and another eight stillborn were recorded; 92 more were recorded in 1993, 163 in 1994, and Males outnumbered females in each annual sample. In the four-year composite sample of 512 snakes 62% were males, and of 379 adults 61% were males. Of 48 immature snakes (SVL less than 700 mm) 67% were males, and 26 neonates and stillborn of two litters had 57.7% males. These samples suggest that males are more numerous at birth and continue to outnumber females in all age cohorts. Klauber (1936) likewise determined males to be more numerous in large series of prairie rattlesnakes and also in collections of other rattlesnake species, but he concluded that the sex ratio was 1: I at birth and that greater activity of males and higher mortality in females contributed to the unbalanced sex ratios in collections.
RATTLE DEVELOPMENT
The rattle consists of thickened skin sloughed from the end of the tail a each ecdysis. The tail has two transverse constrictions near its tip, so tha when ecdysis occurs, the slough from the tail tip continues to cling to th tail as a rattle segment. After successive sloughs the dry, corneous rattle segments loosely interlocking, produce clicking sounds when the snak moves, and make the characteristic sematic buzz when the snake rapidly vibrates its thick muscular tail. The size of each rattle segment is propor tional to the size of the snake at the time of shedding, thus the snake carri with it a record of its own growth (Klauber, 1937; Fitch, 1985) . Table 1 shows rattle strings in the snakes of my sample, projected to the that rattle strings of seven segments are most n snakes with intact seven-segment strings are young of shedding decreases abruptly after the seventh ecdysis year. The majority of adults have lost the natal butt ments, but have some taper from the relatively larg smaller, more distal segments. The number missing proximately from the size and taper of those remain with a string of six rattle segments, the end one h of 9 mm was estimated to have lost its first three (b lowing it), because the 9 mm depth of the end segm 9.30 average (in males) for a fourth segment. Strings in first-and second-year snakes nearly always were and young adults that had grown strings of six to n rattle was on average missing 2.7 segments; for old duced strings of ten to 13 segments the number ca averaged 4.5, and for the oldest adults that had pro ments, the number missing was calculated to averag a male of 1000 mm SVL and a female of 828 mm, had no rattles. Doubtless many rattle segments were lost by snakes struggling to avoid capture and therefore rattle strings in the snakes of my sample were on average a little shorter than those in a natural population. During the early stages of growth, the rattles of male and female snakes are alike in size and appearance. By the time rattle segments average substantially larger (11 mm), reflecting their larger body size, and the In rattle strings of adult males the largest seg 12.5 mm in height (up to more than 16 mm) b females. The females may have several successi ameter, no more than 11.0 mm, indicating tha at this size or have grown at a much reduced r Similar to most animals, rattlesnakes are sub ratios such as those between body, head, eye, a velopment and are different in adults and you column of Table 1 show that during growth b rattle size with the result that rattle height to bod tially less in large adults than in young and al females is slightly less than in their male coun average height of basal rattle segment is at leas prairie rattlesnakes and a little less than 1.3% i
Rattlesnakes undergo their first ecdysis within only then is the terminal button fully exposed. ecdysis (in early autumn) and that of the secon spring) the young snakes make rapid growth, a of the button and the next rattle segment. Firs the spring roundup have on average grown fr a gain of 16% in about 1.5 months of activity. there are few young snakes having two rattle seen that had three (two plus button). During second-year young have passed through these segment stage (mean SVL 585 mm) or five-seg mm) and have almost doubled in length (averag three or four rattle segments in a year. Third-y of six or seven (or possibly eight) segments an matured breeders. The smallest ovigerous fem a string of seven rattle segments. Three other gra ly larger than this one had only six rattle segm REPRODUCTION Prairie rattlesnakes studied by Rahn (1942) in southeastern Wyoming were determined to have a biennial breeding cycle. Females that gave birth in early autumn required a full year to replenish their abdominal fat bodies and develop a new crop of ovarian follicles. It seems that in northern populations of C. viridis biennial reproduction is the rule, but at the northern end of the range in the Okanagan Valley, British Columbia, McCartney and Gregory (1988) determined that females of C. v. oreganus produce litters (Klauber, 1936) . The mean of 10.7 eggs in the roundup sample probably would result in an average of between eight and nine viable young per litter. As in other reptiles litter size tends to be proportional to size of the female, and this correlation is shown in Table 2 for the roundup sample divided into six size groups on the basis of SVL. Females of the smallest group averaged 8.33 ova, whereas the largest averaged 13.18.
First-year and second-year young constitute distinct and readily identifiable cohorts. In the roundup sample there were nine of the former, with SVL 284 to 355 mm, and one or two rattle segments, and 35 of the latter with SVL 504 to 760 and four, five, or six rattle segments. Third-year snakes are adolescents or young adults, having six or seven rattle segments (possibly eight in some) and their rate of shedding has slowed to about 1.5 per year in males and about one per year in females. These figures are in part based on analogy with my long-term mark-recapture study of C. v. oreganus at about the same latitude in California, and the fact that in both Kansas and California populations first-and second-year cohorts correspond approximately in size and in number of rattle segments. By the time it produced 14 segments a male would be about eight years old and a female might be nine or ten. On this basis, only four males and four females in my sample of 512 were estimated to be eight years old, and only nine (eight males and one female) were estimated to be older than eight. Thus most adults are three to seven years old and only 3. roundup collections are selective in excluding most immatures, because snakes of less than 15 inches (382 mm) total length cannot be taken legally.
In the spring of 1984 I examined 70 live prairie rattlesnakes in Morton County in the southwestern corner of Kansas, collected without any such bias; 13 were first-year young (each having only a button), 16 probably were second-year young (ranging from 520 to 820 mm SVL) with rattle strings of four, five, or six segments, and 41 were adults, of which 20 were judged to be newly mature, in their third year. This sample too is distorted obviously with too few immature snakes; in the actual population first-year young must be more numerous than second-year young and the latter must outnumber third-year adolescents. Evidently the smaller snakes are less conspicuous and more likely to escape detection and capture.
GEOGRAPHIC VARIATION Table 3 compares demographic traits of Kansas prairie rattlesnakes with those of ten other populations of the species well distributed throughout the range that have been subjects of local studies. Four of these populations are the prairie rattlesnake, C. v. viridis, four are its far western subspecies, C. v. oreganus, one is the Great Basin subspecies, C. v. lutosus, and one is the southern insular subspecies, C. v. caliginis. Snakes of the five populations of prairie rattlers studied (including the Sharon Springs sample) are medium to large, with large litters averaging more than ten young; females may breed annually, biennially or triennially, with latitudinal change depending on the length of the growing season. In the four populations of the West Coast subspecies oreganus size ranges from large to small (apparently independent of latitude, but influenced by the size of the predominant prey species). As in the prairie rattlesnake frequency of breeding is determined by length of growing season, ranging from annual to triennial, and litter size is half to three-fourths that of the prairie rattlesnake. The Great Basin subspecies lutosus is conspicuously dwarfed; reproduction is biennial, and litter size is only half that of the prairie rattlesnake. In the insular endemic, C. v. caliginis, at the latitude of the U. S. southern border, size is much reduced; lizards comprise most of the food, and litter size is only one-fourth that of the prairie rattlesnake. Thus the reproductive cycle of female Crotalus viridis is subject to latitudinal change. Most females reproduce annually in the southern part of the range (Aldridge, 1979; Fitch, 1985) , but at latitudes north of Colorado biennial cycles prevail and at the northern edge of the range females may be triennial. Geographic variation in size is especially striking and it does not follow latitudinal trends, The snakes in Saskatchewan average many times the bulk of those in northern Idaho, Utah, and South Coronados Island. Evidently body size has evolved in adjustment to size of prey and in the local populations that prey mainly on ground squirrels (Sper-mophilus), woodrats (Neoloma), or rabbits, s those that prey on voles (Microtus), mice (Pero size, ranging from an average of 13 young to tions, is positively correlated with adult body females mature and reproduce in their third year, maturity may be postponed, even to the sevent the range, from Kansas to California, there is after emergence from hibernation, but in cen and Gutswiller (1985) determined late summer rule; at that season a female might be followed for days or weeks by a retinue of courting males. Disposition, potency of venom, and behavior in relation to hibernation are all subject to geographic variation. Obviously temporal and individual differences also affect all these traits, but most geographic variation has a genetic basis and has resulted from millions of years of natural selection, optimizing populations' adjustment to local environments.
CONSERVATION
If roundup activity is allowed to escalate in Kansas, its original objective, although no longer desired by most, may be attained-the extermination or drastic reduction of the prairie rattlesnake within the state. However, intuitive judgement suggests that the threat is not immediate. The few hundred snakes taken annually in the roundup probably are a minor loss compared with larger numbers that must be destroyed as traffic casualties, intentionally slaughtered by humans (ranchers, hunters, oil field workers) who invade their habitat, or by natural predators.
The species already has undergone drastic reduction within the state, and continues to lose ground. Wherever land is brought under cultivation, the snakes are automatically eliminated. Prairie dog (Cynomys ludovicianus) colonies are of prime importance in the snake's ecology. The burrows provide preferred shelter for the snakes and also for their main prey species. However, prairie dogs have been controlled as agricultural pests. Their surviving colonies have been reduced to a small percentage of their former extent and the prairie rattlesnake has been reduced correspondingly. For the Sharon Springs community and the roundup organizers the profit motive largely has superseded the objective of eliminating the snakes. An overall appraisal of prairie rattlesnake economics must take into account the fact that most of its predation targets pests-ground squirrels, prairie dogs, rabbits, and a variety of mouse and rat species, compensating for occasional bites inflicted on humans and domestic animals, which however rarely have fatal outcomes.
Although Sharon Springs is the focus of the Kans rattlesnake populations statewide. Despite some atte the remaining high populatio veteran hunters and the best in favorable weather before be small enough that a single well-timed raid, and a succes return, perhaps with others, are gone or reduced to a rem concentrate on the best rem and hunt them out one by o and isolated.
Whether rattlesnake roundups are permissible and justifiable is contro versial. Assuming the Kansas roundup will be continued in more or less present form, I offer the following suggestions for regulation: (1) Kans roundups should be limited to Sharon Springs to avoid escalating exploit tion beyond the capacity of the snakes to replace losses. (2) At the end o the weekend roundup, all gravid females should be removed from the disp pit and released unharmed in the general areas where they were capture Gravid females make up about one-fourth of the snakes captured but ar smaller proportion by weight because males grow to be substantially larg Obviously exploiting and removing the reproductive part of the populat is not good game management. Gravid females are recognizable easily an experienced observer by their distended abdomens. (3) Present restric tions on size and bag limit should be retained. (4) Registered participant of the roundup should be provided with questionnaires indicating the pro enance of all snakes taken and the trends in numbers at specific sites. (5 biologist should attend each roundup to gather information from the sna and expand the database necessary for enlightened management. Especia needed is a field study of Kansas prairie rattlers with mark-recapture a radiotelemetry techniques to clarify patterns of growth, rattle developme and day to day and longtime movements.
Before enlightened management practices can be applied to Crotalus v idis populations in Kansas, it will be necessary to know where the snake occur and approximately how many there are. The degree of dependence prairie dog towns and association with colonies of other rodents such ground squirrels and kangaroo rats needs to be investigated.
CONCLUSIONS
Rattlesnake roundups, although repugnant to some, have become established in Kansas as an annual event sponsored by the High Plains community of Sharon Springs. Hundreds of people attend each roundup and the event provides recreation and excitement for the interested public and generates income both for the community and for Kansas Department of Wildlife and Parks. The original goal of exterminating the snakes or drastically reducing their numbers has been superseded for most o to maintain them in sufficient numbers to prov that has come from them in the past. The pra important attributes as a potential game anim large communal wintering dens where it would Early maturity (third year), annual breeding, a young) confer a high reproductive potential. N have been drastically reduced within the state increasing pressure from the roundups can be shrinkage. To guard against rapid decline, it is females taken (comprising approximately one-f be returned unharmed to their natural habitat, limited to Sharon Springs, and that present siz ACKNOWLEDGMENTS I thank the Kansas Department of Wildlife and Parks for funding my four trips to the Sharon Springs roundup, 1992-1995. Travis Taggart worked with me at all four roundups and his efforts greatly expedited obtaining information from the live snakes. My wife, Virginia, accompanied me to the first three roundups and recorded data, freeing me to use both hands in measuring and manipulating the snakes. Coworkers who helped me obtain essential data from the live snakes at one or more roundups include Deborah E Cowman, Hank Guarisco, Alison Reber, David Reber, and Randy Reiserer. Judy Withers, Sarah E Walker, and Debbie Fisher of the local committee were helpful in providing working space and information. Larry Graf of the National Crotalus Society helped with the logistics of routing snakes from the pit for my inspection in the 1994 and 1995 roundups, so that I was able to check larger samples than in the earlier events.
